The terms maximum allowable concentration (M.A.C.) and threshold limit value (T.L.V.) differ in their respective meanings. The M.A.C. is a ceiling concentration whereas the T.L.V. is a time-weighted average of the concentration of the hazardous agent in the atmosphere. The value attributed to M.A.C. or T.L.V. will vary with the criteria decided upon for the response selected. This response may be a clinical or biochemical change in human subjects resulting from the hazardous agent.
The setting of maximum allowable concentrations (M.A.C.) and of threshold limit values (T.L.V.) has been the subject of much discussion and speculation in the past. It is easy to state broadly the purpose of such standards; namely, to protect the health of workers from injury by toxic substances encountered at their work. However, when one comes to consider the details involved in setting these values, there are many complications. Among these is the question of the level of health protection that is desired and how this level is to be assessed. This is particularly true when insidious, cumulative poisons are under consideration. To say that the risk of any biological change must be totally excluded is unrealistic, at least in the present state of development of industry. Whether it will ever become possible to avoid every recognizable change is open to question; certainly the question 'how safe' is a philosophical one which could be argued at great length and one in which we do not intend to become involved in this communication.
181 3 Several methods have been used to determine the M.A.C. and T.L.V. for given types of dust or vapour. They may be field and medical studies, field studies without medical examination, animal experiments and by analogy with similar substances (Elkins, 1959) . The method used in the present research is a field and medical study. We have considered various signs of lead absorption in relation to the lead concentration in various workrooms. A method is demonstrated whereby M.A.C. and T.L.V. values can be set to produce the level of protection chosen as appropriate for the particular community.
An attempt is made to show the derivation of the T.L.V. of lead in working environments where workers are exposed for eight to 10 hours daily for six days a week. Before the onset of clinical symptoms and signs there are several indices of lead absorption which may be related to lead in air con- centrations. The first evidence of lead absorption is biological change is detected in the human body. The second stage is a biochemical change in the enzyme system for porphyrins; this might be regarded as one of the earliest biological changes produced by lead (De Langen and Ten Berg, 1948; Maloof, 1950; and Iwai, 1959 (Horiuchi and Ida, 1955; Harashima, Kondo, and Tsuchiya, 1956) .
The air lead samples were collected by membrane filters placed at breathing level (No. 2, diameter 4 cm.) in glass holders which were devised by one of our colleagues and connected to a vacuum pump of 131 in number. A total of 303 lead workers was examined, including subjective complaints, clinical examinations, and laboratory tests. The laboratory tests were quantitative estimation of coproporphyrins and lead in urine, and basophilic stippled cell count and measurement of the whole blood specific gravity. Coproporphyrin estimation was carried out by the method described by With and Petersen (1954) . Punctate basophilia was estimated using Manson-Schwarz's stain; 10,000 red cells were scrutinized and the number of basophilic red cells expressed 'per 1,000'. Urinary lead was measured by the dithizone mixed colour method. Instead of counting red cells or estimating the haemoglobin content, the specific gravity of the whole blood was measured. We have found that the latter is more simple and accurate in field investigations and have shown that in lead anaemia the specific gravity of the blood very closely parallels red cell counts and haemoglobin amounts when they are estimated accurately by other methods (Tsuchiya, Nishimura, and Sho, 1958) . The urinary coproporphyrins and lead concentration values were adjusted to the specific gravity of 1 024 by multiplying the actual concentrations by 24/G, where G represents the last two figures of the specific gravity of the original sample (Elkins, 1959) . This may be an overcorrection with the Japanese worker. No samples were rejected because of a low specific gravity.
Results
Classification of Stages of Lead Absorption in Different Lead Operations.-In Table 1 lead concentrations in air, urinary lead values, specific gravity of the whole blood, and urinary coproporphyrins in five lead operations are compared; the Table also shows the number of air samples and of subjects examined. It will be seen that except in the printing operation, the average concentration of lead in the air exceeds commonly accepted threshold limit values. Even in the printing works, where the lead concentration in the air ranged from 0-03 to 0 36 mg./m.3, 146 % of the examinees excreted coproporphyrins in concentrations greater than 50 Htg./l., which was considered to be the upper normal value (5 % level of significance) (Horiuchi, Fukumura, Ida, and Yoshida, 1955; Tsuchiya, 1964) .
In Fig. 1 , the percentage of workers showing changes characteristic of lead absorption for each of the tests used are plotted against the corresponding average lead concentration of the working environment for each operation studied. The lead concentration in air is represented by the average value of all the samples in each of the lead operations. These values showed wide ranges as is seen in Table 1 . -
Where lead concentrations in the air are relatively low, as in the printing works, the proportion of workers showing abnormal urinary lead values is higher than the proportion showing coproporphyrinuria. In this operation, those who excreted lead in excess of 0 15 mg./l. were designated as abnormal, and 23 % were above this value. However, if the normal upper level were set at 0-2 mg., the percentage of abnormal becomes approximately 7 % of the examinees in the printing operation. With increasing concentrations of lead in the air, the percentage of those with abnormal coproporphyrinuria gradually rises and surpasses the percentage of those with abnormal urinary lead, and it reaches nearly 100 % in an operation where the atmospheric lead concentration is very high. The percentage showing abnormal urinary lead, basophilic stippling, and anaemia also increased with rising air lead concentrations, but these increases were very gradual and the proportion of the abnormals remained below 50 % even in the most extreme air lead concentrations observed. (Cantarow and Trumper, 1944; Johnstone, 1948) , which can hardly be called excessive, coproporphyrin concentrations vary from less than 200 to 400 ,ug./l., which we regard as clear evidence of increased excretion. From this as well as from Fig. 1 , it is shown that increased coproporphyrin excretion precedes the increase of basophilic stippling of red cells.
The relationship between basophilic stippling of red cells and anaemia is summarized in Table 3 . The (Tsuchiya, 1961) and approximately 12-7 g. of haemoglobin (Tsuchiya et al., 1958) . It is evident that lead anaemia is generally preceded by an increase of basophilic stippled cells. Determination of M.A.C. and T.L.V. of Lead in Air.-The data for lead concentration in the air of the printing works, which comprised 55 samples, were plotted on probability paper as shown in Figure  2 . The points from 10% to 90%, which represent cumulative percentages of lead concentrations in the air, mostly fall on a straight line which was mathe- In our observations, 24% of the printing plant workers excreted more than 0-15 mg. of lead in urine. Now, a line dropped vertically from the point of intersection between the 24% value on the right scale (or the 76% value on the left scale) will mark the maximum allowable concentration with respect to urinary lead excretion. This value, which is seen to be 0-18 mg./m.3 according to the hypothesis stated above, should be the ceiling or the maximal allowable concentration in the meaning of the American Standards Association. If this value is never exceeded, the urinary lead of all the workers should remain lower than 0-15 mg./l. However, since this is only a sample, the abnormality in urinary lead might go 2 S.D. above 24% (at the 95 % confidence level). Therefore, 24% + 2 S.D., which is 31 %, should be taken as the general guide. The value of lead concentration in the air corresponding to 31 % of the most sensitive indicator of excessive lead absorption is approximately 0-16 mg./m.3 of air.
Similarly, 15% of workers excreted over 50 ,ug./l. of coproporphyrin and the corresponding value of lead concentration in the air on the abscissa was found to be about 0-21 mg./m.3. When the concentrations were all below this level, no workers in this sample had shown an abnormally increased excretion. Two S.D. above 15% in this sample is 5-5%, so that 20-5 % should be taken for the determination of the ceiling. The value corresponding to 20-5% on the abnormality scale is approximately 0 19 mg./m.3 on the abscissa. Looking again at urinary lead, when 0-2 mg./l. of lead is taken as the lower limit of abnormality, the ceiling would be 0-20 mg./m.3 of lead in the air. As to basophilic stippling of red cells, 0 3 %. of which was taken as the border line, the ceiling was estimated at 0-27 mg./m.3 of lead in the air. The lowest limit of lead in environmental air to produce lead anaemia was almost the same as that for basophilic stippling, according to this chart. However, as mentioned above in a so-called normal group of industrial workers, about 1 % to 5 % were found to have a blood gravity as low as 1-053 or lower. Therefore, as far as the ceiling for the development of lead anaemia is concerned, the value might be slightly increased and most probably should be about 0-28 mg./m.3. M.A.C. values computed in this way for various signs. of lead absorption are shown in Table 4 . (Elkins, 1959) , from Japan (Horiuchi and Ida, 1955) , and from Russia (Elkins, 1961) . It seems that there has been some confusion in the definition of M.A.C. and T.L.V. (Stokinger, 1955) . In this paper we wish to stress the differencebetween these two definitions and have tried to determine the T.L.V. of lead according to a precise meaning of the term. The A.C.G.I.H. has adopted 0-2 mg./m.3; this was based on a urinary lead level of 0-2 mg./l. The figure suggested by Horiuchi and Ida (1955) is much lower; they set the T.L.V. at 0-05 mg./m.3.
We appreciate that an increase of coproporphyrin excretion is an extremely sensitive index of lead absorption, and it is not altogether clear whether the individual suffers harm as a result of this biochemical abnormality. Despite this we have regarded an increase of coproporphyrin excretion as undesirable and have based our recommendations accordingly. We suggest that the ceiling for lead in the air is about 0-19 mg./m.3 and the T.L.V. should be about 0-12 mg./m.3 for a daily exposure of eight to 10 hours. Our figure is about midway between the A.C.G.I.H. value (0-2 mg.) and that of Horiuchi et al. (1955) (0 05 mg.) . However, the American value is based on a 40-hour working week which is much shorter than that used in our study. When the length of the working week is taken into consideration the value will be closer to that suggested here.
